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Symmetry in knee ﬂexion excursion showed group by time interaction
(P¼0.004) with absolute increase of 29% in the home-based group and no
change in the clinic-based group. Symmetry in the knee external adduc-
tion and ﬂexion moments showed no change in both groups (P>0.10).
Symmetry in the ﬁrst peak of the vertical ground reaction force showed
a signiﬁcant time effect (P¼0.04) with absolute increase of 1.4% and 2.6% in
the clinic-based and the home-based groups respectively.
Conclusions:In subjects who are considered fully recovered from TKA
surgery, progressive strengthening exercises resulted in improvement in
quadriceps strength symmetry, but this improvement in strength
symmetry did not result in meaningful improvements in physical function
or gait symmetry. Rehabilitation programs that focus on progressive
strengthening of the operated limb muscles might not be enough to
improve loading symmetry in patients after TKA.
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KNEE OSTEOARTHRITIS PATIENTS UNDERGOING A NON-INVASIVE
BIOMECHANICAL TRAINING PROGRAM DEMONSTRATE ALTERATIONS
IN SAGITTAL PLANE KNEE KINETICS: A PROSPECTIVE CLINICAL STUDY
E.M. Debbi, Y. Goryachev, A. Wolf, A. Haim. Technion Israel Inst. of
Technology, Haifa, Israel
Purpose: The pathomechanics of kinetic parameters in knee osteoarthritis
(OA) have received much attention in recent years. Several biomechanical
interventions have succeeded in reducing knee adduction moments, but
little is known about the plasticity of knee sagittal moments (ﬂexion and
extension moments). The aim of this study was to examine the changes in
knee sagittal moments through a biomechanical therapy aimed at re-
educating motor patterns.
Methods: Twenty-ﬁve female patients with symptomatic bilateral medial
compartment knee OA were enrolled in a customized biomechanical
intervention program aimed at unloading the knee joint and re-educating
motor patterns. All patients underwent consecutive gait analyses prior to
treatment initiation, and after three and ninemonths of therapy. Peak knee
sagittal moments, knee sagittal impulses, and duration of knee moments
were compared throughout the duration of therapy. Differences between
baseline and follow-ups were examined using Wilcoxon rank nonpara-
metric tests.
Results: Results are presented in Table 1. Peak knee ﬂexion moment at
midstance decreased signiﬁcantly with therapy (p<0.001). Duration of
knee ﬂexion moment and impulse of knee ﬂexion also decreased signiﬁ-
cantly (p¼0.007 and p¼0.021, respectively). There was an insigniﬁcant
increase in peak, duration, and impulse of the terminal stance peak knee
extension moment, as well as an insigniﬁcant increase in the peak of initial
contact knee extension moment that may improve further over time.
Figure 1a presents the typical knee sagittal moments for a healthy indi-
vidual and a patient with knee OA. Figure 1b presents the changes in the
knee sagittal moments for one patient over time with motor reeducation
therapy. By nine months, the knee sagittal moments of the patient in the
present study resemble those of a healthy individual.
Conclusions: Plasticity of knee sagittal moments appears to be highest for
the knee ﬂexion moment. Biomechanical interventions that unload the
knee joint and promote the re-education of motor patterns can potentially
improve knee sagittal moments over time.Table 1
Change in knee sagittal moments with motor-reeducation therapy
Signiﬁcance
Pre At 3 M
Peak knee extension moment at initial contact (Nm/Kg) 0.360.11 0.43
Peak knee ﬂexion moment at midstance (Nm/Kg) 0.550.17 0.43
Peak knee extension moment at terminal stance (Nm/Kg) 0.180.17 0.19
Knee ﬂexion impulse at midstance (Nm/Kg*s) 19.210.8 13.2
Knee extension impulse at terminal stance (Nm/Kg*s) 4.85.7 6.06
Duration of knee ﬂexion moment at midstance (%) 55.819.7 45.1
Duration of knee extension moment at terminal stance (%) 32.527.3 41.1196
IS INCREASED JOINT LOADING DETRIMENTAL TO KNEE
OSTEOARTHRITIS IN OBESE PATIENTS? A SECONDARY DATA ANALYSIS
FROM A RANDOMIZED TRIAL
M. Henriksen 1, D.J. Hunter 2, E. Dam 3, S. Messier 4, T.P. Andriacchi 5,
S. Lohmander 6, J. Aaboe 1, M. Boesen 1,7, H. Gudbergsen 1, H. Bliddal 1,
R. Christensen 1,8. 1 The Parker Inst., Copenhagen, Denmark; 2Univ. of
Sydney, Sydney, Australia; 3Biomediq, Copenhagen, Denmark; 4Wake
Forest Univ., Winston-Salem, NC, USA; 5 Stanford Univ., Stanford, CA, USA;
6Univ. of Lund, Lund, Sweden; 7Dept. of Radiology, Frederiksberg Hosp.,
Copenhagen, Denmark; 8Univ. of Southern Denmark, Odense, Denmark
Purpose: Weight loss is recommended as a treatment of knee osteoar-
thritis (OA) with the mechanisms of efﬁcacy mainly thought to be
through reduced knee loads. Successful outcomes can reduce pain and
improve ambulatory function. Yet the improved ambulatory function
raises concern of the risk of increased knee joint loading during walking
that is thought to be detrimental to knee OA and accelerate structural
changes. The results of our recent weight loss study offered the oppor-
tunity to address the concern of increase ambulatory loads following
weight loss since approximately 1/3 of the participants responded to
a signiﬁcant weight loss by improving ambulatory function in a manner
that increased loading at the knee during walking. The purpose of this
study was to investigate whether increased loading of the knee joint
following weight loss caused accelerated structural disease progression
and fewer changes in symptoms over 1 year in an overweight/obese
population with knee OA.
Methods: Data from the biomechanics sub-cohort in a prospective
randomized weight loss trial (the CAROT study) were used. The CAROT
study is designed with an initial 16 week weight loss period with
a subsequent 1-year weight maintenance period. The biomechanics sub-
cohort consisted of participants with complete pre- and post weight loss
records of biomechanical gait analysis. Based on the changes in ambu-
latory knee joint loadings after the weight loss, the participants were
divided into ‘Unloaders’ (participants that reduced the joint loads) and
‘Loaders’ (participants that increased the joint loads). According to this
study design both participants and outcome assessors were concealed to
the “group allocation”. The primary structural outcome was changes in
tibiofemoral cartilage volume measured from automatic segmentation of
MRI from baseline (after weight loss) to 52 weeks (weight maintenance
period). The primary symptomatic outcome was changes in average knee
symptoms measured as the mean of 4 out of the 5 KOOS subscalesonths At 9 Months At 3 Months At 9 Months At 3-9 Months
0.22 0.430.18 0.114 0.051 0.21
0.26 0.330.21 0.029* <0.000** 0.050*
0.16 0.270.20 0.28 0.082 0.15
12.8 9.789.7 0.092 0.007** 0.13
.4 7.76.8 0.19 0.061 0.47
25.2 33.422.0 0.18 0.021* 0.044*
26.5 47.029.9 0.40 0.055 0.35
ANCOVA results for primary outcomes of cartilage volumes (mm3) and average symptoms pain (KOOS)
Baseline Follow-up Change (Follow-up - Baseline) Differencey
Unloaders
Mean (SD)
Loaders
Mean (SD)
Unloaders
Mean (SD)
Loaders
Mean (SD)
Unloaders
Mean (SE)
Loaders
Mean (SE)
Mean Difference
(95% CI)
P
Cartilage volume 2,603(734) 2,554 (454) 2,269(72.5) 2,315(86.3) -316 (72.5) -270(86.3) -46.3(-241.3;148.8) 0.64
Average symptoms 66.6 (16.4) 64.3(17.1) 63.4 (1.6) 64.2(1.9) -2.4(1.6) -1.6(1.9) -0.8(-5.1;3.6) 0.73
yAdjusted for baseline value age, gender, BMI and other potential confounding factors.
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baseline to 1 year were compared between groups using analysis of
covariance adjusting for baseline values, age, gender, BMI and other
potential confounding factors.
Results: 157 participants (82% of the CAROT cohort) were included in the
biomechanics sub-cohort. Of these 100 were classiﬁed as Unloaders and
57 as Loaders based on gait changes from baseline to after the weight
loss: The Unloaders on average reduced the peak knee compression force
during walking by -509N (18%) and the Loaders increased the peak
compression force by 425N (19%). There were no baseline differences
between the groups except that the Loaders walked with signiﬁcantly
higher (11%) knee loads. Both groups showed the same signiﬁcant
reduction in cartilage volume and symptoms at one year yet there
were no statistically signiﬁcant difference in the change in tibiofemoral
cartilage volumes or average symptoms (table) between Loaders and
Unloaders.
Conclusions: For obese patients undergoing a signiﬁcant weight loss,
increased knee joint loading (Loaders) for 1 year did not accelerate disease
progression (as assessed by changes in tibiofemoral cartilage volume and
worsening of symptoms) relative to a similar weight loss group
(Unloaders) that had reduced ambulatory knee joint loads.
This is the ﬁrst study to assess consequences of increased knee joint
loading on OA progression and the results support the application of
interventions that improve function and potentially increase ambulatory
load in obese subjects since there does not appear to be detrimental effects
of increased load in this group.
Trial registration: {NCT00655941}
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QUADRICEPS POWER USAGE DURING GAIT IS RELATED TO MAXIMAL
ISOKINETIC POWER CAPACITY IN PATIENTS AFTER TOTAL KNEE
ARTHROPLASTY
A.R. Marmon, L. Snyder-Mackler. Univ. of Delaware, Newark, DE, USA
Quadriceps weakness is common in individuals with knee osteoarthritis
and is exacerbated in the early period after total knee arthroplasty (TKA).
Weakness contributes to the lower extremity functional deﬁcits. To further
examine the inﬂuence of quadriceps weakness on performance of func-
tional tasks, we examined how the capacity to develop force by the
quadriceps (maximal muscle power) is associated with the use of quad-
riceps muscle group during a functional task. Purpose. The aim of this
study was to examine the associations between the peak knee extensor
power generated with the surgical limb during the stance phase of gait and
maximal power generated with the same limb during isokinetic testing.
Methods. Six subjects (men¼ 4; women¼ 2), 6 mos after TKA, were
assessed using motion analysis to determine the peak knee extensor
power generated during the stance phase of gait. Subjects also completed
maximal voluntary isokinetic knee extension contractions at three veloc-
ities (60, 90, 120 deg/s). Regression analyses were used to assess the
association between the peak knee extensor power generated during the
stance phase of gait and the peak knee extensor power (joint torque
X angular velocity) acquired during isokinetic testing.
Results. The peak knee extensor power generated during the stance phase
of gait was best ﬁt using an exponential regression with the peak knee
extensor power produced during isokinetic testing (60 deg/s R2¼ 0.620;
90 deg/s¼ 0.629; 120deg/s¼ 0.775).ĂThe average angular velocity of the knee joint at the moment of peak
power generationwas 38.7 15.2 deg/s, which occurred during the stance
phase of gait near peak knee ﬂexion.
Conclusions. The peak knee extensor power produced during the stance
phase of gait was associated with the maximal power produced during
isokinetic contractions at all three velocities tested, even though the
velocities achieved during the two tasks were different. The ﬁndings here
are clinically relevant because, motion analysis is not readily available or
cost effective for functional assessments of individuals with knee osteo-
arthritis or patients after TKA; however, power production during iso-
kinetic testing is more practical and can provide additional insight into
how patients utilize their quadriceps during gait.
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DEVELOPMENT OF A MATERIALS-TESTING FIXTURE TO ENABLE
ASYMMETRIC LOADING OF THE LOWER LIMB: AN APPLICATION OF
IN-VIVO GAIT DATA
K.M. Leitch 1,2, T.B. Birmingham 1, J.M. Reeves 2, J.R. Gifﬁn 1, C.E.
Dunning 2. 1Wolf Orthopaedic Biomechanics Lab., Univ. of Western Ontario,
London, ON, Canada; 2 Jack McBain Biomechanical Testing Lab., Univ. of
Western Ontario, London, ON, Canada
Purpose: Experimental parameters to test material properties of ﬁxation
plates used for medial opening wedge high tibial osteotomy (HTO) are
typically based on static, radiographic measures of bony alignment and
rarely consider in-vivo gait data. During walking, the ground reaction force
(GRF) passes medial to the stance limb, creating a frontal plane lever arm,
an adduction moment, and subsequent asymmetric loading. The purpose
of this study was to design and test a novel multi-axis ﬁxture to be used in
a materials testing machine to enable asymmetric loading of the lower
limb in a manner more representative of human gait. Four hypotheses
were tested: (1) distribution of load on the medial side would range
considerably depending on experimental parameters; (2) at a representa-
tive frontal plane lever arm of 3cm, distribution of load on the medial side
would be approximately 60-75%; (3) coefﬁcients of variation (CoV) for load
distribution measurements obtained within a single testing session
(repeatability) would be 2%; and (4) CoV for measurements obtained
